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{5^ A material to be treated (W) is pretieated to a 
carbunsing temperature of 750-950'C and is heat- 
treaty in a carburising atmosphere directly supplied 

heated to 1000-1 100»a Then. Itie material being 



treated (W) is fordbiy cooled to a tenperature below 
600«C. the material (W) is reheated to 750-850»C. and 
then it IS hardened by quendiing in oO (20). preterefaiy 
using a laminar fkiw quenching techniqua 
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DescffpHon 

Thfe invention relates to a gas cartxirising process 
and an apparatus therefor. 

In a conventional gas carburising process being 
commonly employed today, the heal treatment is con- 
ducted at SOO-SSO^'C using carburising gas formed In a 
transforming furnace. 

A newf gas cartxirising process has been proposed 
by the appficant off this invention (see, for example. JP> 
A-89Q8870, JP-A-94/51904, eta) intending to improve 
economics by eliminating manufacturing process of the 
cartxirising gas in the transfonrtfng furnace and by 
directly supplying both hydrocarbon and oxidizing gases 
as raw gas into the f umaca 

The treatment temperature of 90D-930''C used in 
the conventional gas carburising process was set hav- 
ing consideration to the prevention of coarse crystal 
grain formation in the material being treated and the effi- 
ciency of the treatmmt time. 

That is, when the treatment tenrperature is set at a 
temperature exceeding the upper limit of 900-930<'a 
even though the required carburised layer can be 
pblained in a short time, obtaining a satisfactorily caitxj- 
rised structure is very difficult due to the fbnnation of 
coarse crystal grains in tiie material being treated. On 
the otiier hand, when the treatment temperature Is 
below the lower limit of 900-930''C. ft takes a long time 
to obtain a required carburteed depth although a good 
cartxirised structure is obtained. 

Shortening of the treatment time in gas cartxirisa* 
tion contributeis greatiy to cost saving t)y reducing the 
consuiT|)tion of both power and gas. 

Consequentiy, it would be of great benefit to provide 
a gas carburising process and an appamtus therefor 
which has improved efficiency without reducing the 
quality of tiie product 

Viewed from a first aspect the present invention 
provides a gas carixirising process wherein ttie material 
to t>e treated is preheated to a cartxjrising treatment 
temp^alure of 750-950**C and Is heated to 1000- 
1 100*C In a directiy supplied carburising atmosphere of 
hydrocartx>n and oxidizing gases. 

Thus the present invention provides the advantage 
that the treatment time is shortened wfth the associated 
_ benelite to efficiejr^^ ajreroforming fur^ 

nace or formation off carburising gas in a cartxirising fur~ 
nace Is not required in tiie present invention. 

According to the present invention, unlDce to the 
prior art methocte, the heat-treatment Is canied out in a 
carburising atmosphere supplied wfth tiie cartxirising 
gas and heated to 1000-1 100*»C, ttie carburising atmos- 
phere being directiy produced in the furnace. The car- 
burising atmosphere produced directly in the furnace is 
highly reductive. Thus, grain boundary oxldatibn is very 
•low. Further, heating energy (gas senable heat) can be 
«aved due to eilln^iation of the cartxirising gas. Further- 
nnore, variation of the cartxirised layer and the cart}uris- 
Ing time can be reduced. 



in a prefenred gas carburising process aocordng to 
ttie present invention, following the aforementioned 
mettiod the material being treated Is preferably cooled 
to a temperature below 600<*C. reheated to 750-850«C 
5 and ttien subjected to a laminar flow hardening. 

fallowing ttiese steps, coarse crystal grains formed 
by the high-temperature cartxirisation can be regulated 
to specified grain sizes during the cooling and reheating 
steps 80 as to furttier reduce grain boundary oxidation. 

10 Furttiennore, ft can be easily attained to aystalQze car- 
bides homogeneously In order to improve the wear 
resistance and fatigue sirengtti etc., and a product hav- 
ing equal or even higher qualtty than prtor art proctocls 
can be achieved. 

IS Further, because the laminar flow hardening is 
used, a superior qualfty product having less hardening 
distortion can be produced In a short tima 

Viewed from anotiier aspect, ttie present invention 
provides a cartxirising ^3paratus comprisflng a preheat- 

30 ing charrd:>er in which ttie material to be treated is pre- 
heated to TSO-gsO^'C, a cariburising chamber in which 
hydrocartson and oxidizing gases are direct^ supplied 
and heated to 1000-1100*0. a cooling chamber in 
which the material being treated is forcibly cooled to a 

25 temperature below 600*^C, a reheating chamt>er h 
which the material being treated is reheated to 750- 
dSO^'C, a hardening chamber, and a purge chamber* 
wherein each of these chambers has fts own transfer 
means, and are connected in series through open- 

30 ing/dosing doors. 

Preferably, said hardening chamber Is constructed 
as a laminar flow hardening chamber. 

Enploying the gas cartxirising apparatus according 
to tiie present Invention, said process of the present 

3S invention can be effectively implemented. 

Prefen'ed embodiments of ttie present invention will 
now be described by way of example only and wfth ref- 
erence to the accompanying drawings, in which: 



40 



45 



Fig. 1 Is a side elevation showing in section the 
main parts of ttie preferred apparatus fbr ttie gas 
cartxirising process; 

Fig. 2 is a schematic sectioned elevation of ttie 
hardening chamber; 

Fig; 3 is a graph showing temperature of ttie mate- 
rial being tripled, and; tifie temperatore^off^ tt^^ 
quench ofl during hardening; 
pi9- 4 fS: a chart showir^ a preferred processing 
sequence Ibr darfciiurising in accordance with the 
present invention; arid 

Fig. 5 fe a chart showing a typical processing 
sequence fbr carburising in accordance with the 
prior art 



ss in the Figure 1 . numeral 1 is a preheating chamber, 
2 is a cartxirising chamber, 3 is a cooling chamber, 4 
a reheating chamber, 5 is a hardening chamber, arri 6 
teapurgechanfoer. 
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Furth^. in Figure 1» numeral 7 is an infet door, 8 to 
12 are opening/closing doore, respectiveiy^ 13 Is an exit 
door, 14 referstoihetrarisfer means providedto each of 
the dm^rs, and Wis a material being treated. 

In the preheating chamber 1. the materia) to be 
treated is preheated from room temperature up to the 
caitxinsing temperature, for eDcample, 75O-05O*'C, pref- 
erably 930"^. Cmstruction of the preheating chamber 1 
is basically similar to a heating chamber of a converv 
tlonal batch furnace, tn the preheating chamber 1, it is 
possible to stop a fan 15 at initial supply phase or to 
shot-purge to protect initial atmosphere. 

Furttier, the preheating chamber 1 te constructed 
so as to enable control of the heating gradient so that no 
d^ohtoi due to thermal stress^ occurs in the material 
being treated W during the preheating process. 

In the carburising chamber 2, the material being 
treated Is transfenred from the preheating chamber 1 by 
the transfer means 14 through opened openfng/dosing 
door 8» is heated up to a suitable tenperature of greater 
than lOOO^'Q m particular to lOSO'^C, and is carburised 
simultaneously by sui^lying hycSrocartx>n gas (meth* 
ane, propane, knitane etc.) and ooddzing gas (pure oxy- 
gen, air, carbon cfioxide etc). All the appaialus installed 
In ttie carburising chamber 2. such as the transf^ 
means 14. a to 16, a fan shaft 17, qsentng/dosing 
doors 8 and 9 etc. are constructed of high temperature 
resistant materials. 

In the carburising diamber 2, the carburisation can 
reach to a targeted effective depth in a ^lort time 
because the diffusion coefficient of cartx^n is twice as 
high as that of the prior art. due to a higher cart)uri8ing 
terrperature than that of the prior art 

In the cooling chamber 3, the material W, wftfch has 
been heated up to lOSO^C \n the caiburising chamber 2, 
IS forcas^ cooled to a temperature below 600''C, pref^- 
ably to 500*^0. ^tn the cooling chamber 3, a cooling 
mstfiod utifizing the latent heat of t>oiling of water (ref& 
to JP-A-8£^556i9), a gas cooling method utilizing 
highly pressifltsed (about 5 leg/cm^ nitrogen or cart)on 
dioxide gas flow, a convection cooling m^od by cooled 
sdroGco fori etc. are used Jointly. 

In the reheating cfiamber 4, the materia) being 
treated W, which has been cooled to 500''C in the cool- 
ing chamber 3, is reheated up to an austentttsing tem- 
perature of esO'^C. When it necessary, ammonia gas 
cen be led into the reheating chamber 4 to reduce sur* 
lace finegular fay&r and to f nipiove reisistance to tennper- 
ing softening. Also, sfmilar to the preheating chamber 1 , 
the reheating chancer 4 is constructed so as to allow 
control of the heating gradient so that no distortion from 
themal stresses in the material being treated W occurs 
during the reheating proc^a 

Coarse crystel grains formed during the high tem- 
perature cartsurisation in tiie carburisir^ diamber 2 are 
regulated to the spedf led size duririg tfie cooling proc- 
ess In the ooofirig chamber 3 and by the r^eatir^ proc- 
^ In the reheating chamber 4. 



In the hardening chamber 5, there is provided a 
clenching vess^ 1 8 and an elevator 1 9 as with conven- 
tional methods. 

Instead of using agitated quench oil 20, however, 

5 laminar flow hardening shown in Rg. 2 is preferably uti- 
lized in the hardening channt)er 5. 

As shown in Rgure 2, a hardening frame 21 to. 
receive a descmling levator 19 disposed In approx- 
imately the middle of the quenching vessel 18. A hori- 

70 zontal dynamic pressure elintinating plate 22 is 
disposed slightly below the middle of the outer periph- 
ery of the quenclvng frame 21 . A vertical partition 23 is 
disposed between the peripheral rim of the dynamic 
^essure eliminating plate 22 and the bottom of the 

16 quenching vessel 18. The vertical partition 23 supports 
the quenching frame 21 through the dynanrBc pressure 
eliminating plate 22. The lower end of the quenching 
frame 21 does not contact the iMsitom of the quenching 
vessel 18. A sut>chennt}er 24 is formed under ttie 

so quenching frame 21 by the vertical partition 23 and the 
dynantic pressure elimlnaling plate 22. 

A suit£d>le mimber of guide p^pes 25 penetrate 
through the vertical partHiori 23 at regular intervals, the 
inner opertings of the guide pq>es 25 are bent towards* 

25 the dyriamic pressure ellmlnattng plate 22, ie. upwards. 
The quench oil 20 in the quenching vessel 18 is sup- 
plied equally to the guide pipes 25 through an upwardly, 
discharging pump 26. 

Numeral 27 in Pig. 2 is a circulation pump to ctrcu- 

30 late the quench oil 20 In the upper and lower portions of 
the quenching frame 21. and 28 is a circulating pipe 
therefcx. 

In the aforementioned construction, the quench oil 
20 in the quenching vessel 18 is supplied'into the 8ii>- 

35 chamber 24 through the guide pipes 25 1^ operation of 
the upwardly discharging pump 26. The quench oil 20 
supplied into the sub-chantber 24 colSdes with the 
dyiutmic pressure eliminating plate 22, and converts 
into laminar flow» la the oil flows in layers without any 

40 eddies Qannnar flow), and then flows into the quenching 
frame 21 from Hs tower end. . 

The material Mng treated W descends into the 
inside of the quenching frame 21 by the elevator 1 9. The 
mat^ial W is cooled there tfie quench oil 20 flowing 

45. into the quench frame 21. 

It is said that the prindpie Of the hardmng is to per- 
fonm quicMy but slowly. Particularly In order to pertbrm 
harderdng perfectly with less distortion, the nr^er^ 
being treated W should be cooled down rapidly until the 

so temperature of the material W reaches a so-cailed nose 
point of the S-curve (the Time-TenperaUire-Transfor- 
matibn curve) and kept th&eafter at the Ms point (the 
martensitic start point at at>out 210^0) tor a while to 
equalise the temperature throughout the material being 

55 treated W before proceeding to martensitic transfbrma- 
tion. 

^ornogeneous hard^r^ without any irreigularity 
can t>e attained in the laminar flow hardening chamber 
5 because, unlike, the methods us^ In the prior art 
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using blades to agitate ttie quench oil. no butibles are 
generated in the quench oa, and in addition there is no 
turbulent flow. 

Rg. 3 shows an example of the temperature varia- 
tion of the material being treated W (curve X) and the s 
temperature variation of the quench oil (ourve Y) during 
the actual hardening process in the hardening chamber 
5 having the above described construction. 

In Rg. 3, the range between O and A along the time 
axis is a so-called criticaf range In which the material io 
being treated W is to be cooled quicMy tyy operating the 
upwardly discharging pump 26. 

The range between A and B is a relatively ^ow 
cooling stage of the material W once the pump 26 has 
been stopped. That is* when the i^xvardly discharging is 
pump 26 is stopped, the temperature of the quench oil 
20 rises due to heat transfenred from the material being 
treated W. CkMisequently, the material W is cooled down 
sipwvly. 

The range between B and C is a stage to decrease 20 
the temperature difference between the upper arxl 
lower parts of the material being treated W by operating 
the circulation pump 27. The circulation pump 27 sup- 
plies the quench oil in the quenching frame 21 , suddng 
from the upper part and supplying to the lower part 25 

Thus* the quench o9 in the quenchnig frame 21 cir- 
culates vertically and reduces the tempoBture differ- 
ence between the upper and lower pairts of the material 
being treated W. 

The range between C and D is a stage to enhance ^0 
marterrsitic transformation by decreasing the tenpera- 
ture of the material W and the temperature of the 
quench oil 20 by restarting the pump 26. The range 
between D and E is a slinger process. 

An inverter is used to operate the ipwardiy dis- ss 
charpng pump 26 to enable changflig flow velocity by 
setting its frequency at a suitable vaiua Operation t'me 
of the pump 26 can be s^ at predetemnined Intervals 
uslnga timer. 

In the purge chancer 6 adjacent to the hardening 40 
chamber 5, nitrc^en or cart>on dioxide gas can be 
purged 80 as to form a shielded envb^onmmt during 
transportation of the treated material W 

Rg. 4 shows a processing sequence during a car- 
burisirig^eatrnent using the aforeriieritioned gas c^^ J5_ 
^^rising apparatusl '" ^ ~ ~ . 

In one example, a gross weight of SOOHg of material 
to k)e treated W wais preheated up to 930<'C in 1 .2 hours 
. in thai preheating chariiber 1 . In the inito'd stage fbiiow- 

ing charging of the rnateriai to be treated heating so 
Yias controlled by stopping the Ian 15 and shot purging 
with butane. 

Then/the material W. which had t^een preheated to 
930*0, was transferred to the caiburising chamber 2 to 
ibe heated up to lOSO^'C in 0.43 hour and to cany out a ss 
icaiburisation treatment in 1.18 hours in a carburising 
^atmosphere conprising iHJtane supplied at the flow rate 
(bf 1 -5 Vmn. as hydrocart>on gas and cart>on dioxide at 
ytheflcWMte of 0.5-2.0 IATtin.i^ 



Thereafter, the material being treated W was 
cooled down to SOO'^C in 0. 1 7 hour in the coobig cham- 
ber 3, then reheated to the preferable hardening tem- 
perature of SSO^'C in 0.6 hour in the reheating chamber 
4» followed by hardening with the ianvnar flow m^hod 
resulting in a caritxjrised layer of thickness greater thm 
1.3 mm. 

Total time required for the cartxjrisation including 
hardening was 3.35 hours, and so-called cyde tbne cor- 
responds to the longest staying time, that iSw the pre- 
heatffig time of 1.2 hours. Therefore, hourly production 
rate can be as much as 300 kg/1.2 hour b 250 kg/hour. 

A processing sequence Ibr a cmvnon cariExjrtelng 
treatment of the prior art (cariaurlsing temperature: 
930*C) is shown in Rg. 5, for comparison with the pre- 
ferred caitxirising process of the present 'nvention. 

m this reference, a caiburising treatment using 550 
kg of material was peribrmed in a batch fimiace. The 
material being treated W and the carburising atmos- 
phere in this reference were the same as those used In 
the present irrvent'on. Total time required for the caribu- 
risatk)n process to hardening in tNs reference was 7.5 
hours, and the houriy productton rate was 550 kg/7.5 
hours a 73 kg/hour. 

Comparing the houriy production rates of the two 
processes, gives 250 ko/73 kg » 3.4, and therefore the 
hourly production efficiency for the preferred carixirising 
process of the present inventton was 3.4 times higher. 
That means that the treatment time can t>e reduced. 
Since gas consumption is decreased by reducing the 
treatment time, the illustrated cariburising process 
according to the present invention is more econpmk»L 

By increasing tray components In the preheatfng 
chamber, cartxirising chamber arxi reheating dYant>er 
In the case of the present inventioa the hourly produc- 
tion rate can be furth^ increased. As heating meda, 
either electric power or gas can be used. 

Further, grain boundary oxkiatioii of 80M^4ype 
material was 20-25 lun in the reference ishowh in Rg. 5, 
but it could t>e reduced to less than 15 |un in the 
trated example of the present inventton shown in F^. 4. 

Claims 

1. ^A gas carixirising process wherein the rnateriai 
be treated (W) is preheated to a caribuifislrig trectt- 
rnent ternperoture of 75b-950''C and is healed up to 
1000-1 lOO'C 'In a direistly supplied caritxirising 
atmosphere of hydrdcartxm and ooddizihg gases. 

2. A gas cartxjrising process as claimed in claim 1 , fol- 
bwed by forcibly cooling the material being treated 
(W) to a tenrperature below eoo^'G. then reheating 
the material to 750-850'>G and hardening IL 

3. A gas cartsuiising process as daimed in daim 2^ 
wherein hardening Is achieved by quenching the 
material (W) in a lanrnnar flow of quench oil. 
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4. A caitxiiising apparatus comprising a preheating 
chamber (1) in wNch the material to be treated (W) 
is preheated to 750-950*'C. a cartourising chamber 
(2) in which hydrocarbon and oxidizing gases are 
directiy supplied and heated to 1000-1100''C, a 5 
cooling chamber (3) in which the material being 
treated is fordUy cooled to a tenrpemture below 
eoo^'C, a r^aating chamber (4) in which the mate- 
rial being treated is r^eated to 750-850^C» a hard- 

rening channtro^ (5), and a purge chamber (6), 10 
wherein each of these chambers tas its own trans- 
fer means (14), and are qcmected in series 

:,through opening/dosing doors (8^12). 

5. A carburfsing apparatus as daimed in claim 4, 75 
wherein the hardening chamber {jsi i^ constructed 

as a laminar flow hevdening chamber* 
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FIG. 4 
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FIG. 5 
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A gas caiDurlsIng process and an apparatus therefor 



(5^ A material to be treated (W) is preheated to a 
cartjunsing taiperature of 750-950-C and Is heat- 
^T^^ ® carburising atmosphere directly supplied 

SSiSt^SS?.*** ""^^ oases. In which it is 
heated to lOOO-lloo'C. Then, the material being 

FIG. I 



JJJJed (W) is fordWy coded to a temperature below 
eoo C. the material (W) is reheated to ISOSSO'C and 
thenit » hardened by quenching In oil (20). preteably 
usir^ a laminar flow quencNng techniqua. 
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